Both high-arousal pleasant and unpleasant task-irrelevant stimuli capture attention and divert processing away from the main task leading to impaired behavioral performance in concurrent tasks. Most studies have separately investigated interference effects of unpleasant and pleasant stimuli on behavior. Thus, little is known about how pleasant and unpleasant task-irrelevant stimuli influence behavior simultaneously. In the present study, we investigated this question during a visual-letter search task. We tested two alternative hypotheses about the influence of simultaneous pleasant and unpleasant task-irrelevant stimuli on task performance. If behavior is purely determined by the intensity of the distractor stimuli (independent of valence), then we would expect the interference effect of simultaneous pleasant and unpleasant distractors to be similar to the influence of two pleasant or two unpleasant distractor stimuli. In contrast, because of opponent interactions between appetitive and aversive motivational systems, the interference effect of simultaneous pleasant and unpleasant stimuli might be weakened. We found that the interference effect of a compound pleasant-plus-unpleasant stimulus was greater than that of a neutral-plus-emotional stimulus and similar to that of two pleasant or two unpleasant stimuli. These results suggest that at the level of behavior, the influence of joint pleasant and unpleasant task-irrelevant stimuli during perception is mainly determined by the intensity of the stimuli, and independent of their valence.
Past studies have reported detrimental effects of both taskirrelevant unpleasant and pleasant stimuli on performance during perceptual and attentional tasks (Carretie, 2014; Yiend, 2010) . For instance, the presence of high-arousal unpleasant distractor stimuli (relative to neutral), such as pictures of mutilation, interfered with performance during a letter-search task (Gupta, Hur, & Lavie, 2016; Okon-Singer, Tzelgov, & Henik, 2007) , and during an orientationdiscrimination task (Erthal et al., 2005) . In a similar fashion, the presence of high-arousal pleasant distractor stimuli, such as pictures of erotica, interfered with performance during a letter-search task (Gupta et al., 2016) , and during an attentional-blink task (Most, Smith, Cooter, Levy, & Zald, 2007) . A recent study reported that both task-irrelevant unpleasant and pleasant images (presented on different trials) interfered with performance even when low-level stimulus properties were controlled (Calvo, Gutierrez-Garcia, & Del Libano, 2015) . These findings show that both pleasant and unpleasant distractor stimuli capture attention and divert processing away from the main task leading to impairment of behavioral performance (Pessoa, 2013) .
Thus far, the bulk of the research has focused on understanding how appetitive and aversive stimuli influence behavior on their own. Notably, relatively little is known about how pleasant and unpleasant stimuli potentially interact to contribute to behavioral output. This is important because in many real-life situations pleasant and unpleasant stimuli are present simultaneously. For example, in nature, a prey may see a food-related stimulus while a predator is present in the background. Humans are also exposed to conditions with both kinds of stimuli, such as that used in cigarette advertisement in some countries, where the package contains a negative picture.
Recent models of emotion-attention interactions that were developed separately for negative (Pourtois, Schettino, & Vuilleumier, 2013) or positive items (Sennwald et al., 2016) indicate that stimulus intensity is the most relevant dimension. However, when both items are present, overall intensity might be determined in two distinct ways: one that depends purely on intensity of items and another that depends on valence (Kahnt & Tobler, 2013) . Thus, the two potential outcomes make distinct predictions when both types of item are present. In the present experiment, we employed a letter-search task (see Figure 1 ) to evaluate the interference effects of high-arousal pleasant (pictures of erotica) and unpleasant (pictures of mutilation) task-irrelevant stimuli when they were presented separately or simultaneously.
We tested two alternative hypotheses. If behavior is determined by intensity, we would expect the interference of simultaneous pleasant and unpleasant distractor stimuli to be similar to the influence of two pleasant or two unpleasant stimuli (assuming that the intensity of pleasant and unpleasant stimuli are approximately equated). Thus, the overall intensity can be considered to be equal to the sum of the individual intensities of the oppositely valenced distractor stimuli (i.e., |Pos| ϩ |Neg|, where |x| indicates the absolute value of x). In contrast, if stimulus valence plays a dominant role, behavior would mainly depend on the intensity of the combined valence of the distractor stimuli (i.e., |Pos ϩ Neg|), and the interference effect might be weaker than the influence of two pleasant or two unpleasant distractor stimuli. The latter contextual effect may ensue because of mutually inhibitory interactions between appetitive and aversive motivational systems (Dickinson & Dearing, 1979; Konorski, 1967) , such as the ones recently reported in the amygdala (Kim, Pignatelli, Xu, Itohara, & Tonegawa, 2016) , and is also supported by findings of valence coding in structures sensitive to both positive and negative stimuli, such as the amygdala (Jin, Zelano, Gottfried, & Mohanty, 2015; Winston, Gottfried, Kilner, & Dolan, 2005) . Finally, note that a third possibility exists, namely, that one picture type would dominate during simultaneous presentation due to its evolutionary importance or relevance to current goals (such as enjoying a lab experiment as much as possible), leading to interference similar to that of a single picture.
Method Participants
Fifty-seven volunteers participated in the study and provided written informed consent, as approved by the Institutional Review Board of the University of Maryland, College Park. Participants were free from psychiatric or neurological disease or related past history, as indicated by self-report. Data from one male and one female participant were excluded from analysis because of poor task performance (accuracy at or below 50% chance performance in one or more conditions). Thus, the results reported here are based on data collected from the remaining 55 participants (32 female; Figure 1 . Experiment design. Each trial started with a fixation cross and was followed by a stimulus display composed of two distractor stimuli (not shown here) of different valence combinations (pleasant-unpleasant shown here as an example) along with a string of letters presented in horizontal rows above and below the pictures. The participant's task was to indicate whether they saw an "X" or an "N" in the letter strings and ignore the two task-irrelevant pictures. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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19.4 Ϯ 1.5 (SD) years old). Participants received payment of $10 for participating in the study. No explicit statistical power analysis was performed. At the outset, we planned to run a minimum of 50 participants, and with eight different trial order sequences used (see below), we collected data from 57 participants (approximately seven participants for each trial randomization).
Stimuli and Task
Each trial in the main runs started with the presentation of a white fixation cross for 200 ms and was followed by a stimulus display for 750 ms. The stimulus display consisted of two color images (7.5°ϫ 7.5°) that were presented side-by-side (0.5°to the left and right) along with two letter strings of three white letters appearing in horizontal rows above and below the images (see Figure 1 ). Participants were instructed to ignore the images and search for target letters in the string of letters. Thus, images were task irrelevant and letters were task relevant. On each trial, one target letter (X or N) and five nontarget letters (O) were presented in a random order. We used the letter-search task at a relatively easy difficulty level as it has been shown to allow processing of task-irrelevant distractor images while having an impact on performance (Erthal et al., 2005; Gupta et al., 2016; Okon-Singer et al., 2007) . Participants were given 1,500 ms to respond and they made their response by pressing Button 1 for target letter X and Button 2 for target letter N on a number pad. Finally, each trial ended with a 2-6 s variable intertrial period with a blank display.
Three classes of task-irrelevant images were employed: pleasant, neutral, and unpleasant. Pleasant images consisted of heterosexual erotic couples, neutral pictures consisted of people in neutral daily activities (e.g., walking on the street), and unpleasant images consisted of mutilated content. We chose pictures of erotica and mutilation because past studies have reported similar arousal levels during processing of erotic and mutilation pictures based on subjective ratings (Bradley, Codispoti, Cuthbert, & Lang, 2001) , skin conductance responses (Codispoti & De Cesarei, 2007) , electrocortical responses (Schupp et al., 2004) , and hemodynamic responses in visual cortex (Bradley et al., 2003) . More importantly, when these images were task-irrelevant, they elicited similar behavioral interference effects during perceptual tasks including the letter-search task employed in this study (Codispoti, De Cesarei, Biondi, & Ferrari, 2016; Gupta et al., 2016) .
We selected 576 pictures (192 pleasant, 192 neutral, and 192 unpleasant) from various sources including the International Affective Picture System (Lang, Bradley, & Cuthbert, 2005) , a database of mutilation images developed by Mirtes Pereira from the Federal Fluminense University (Mocaiber et al., 2011) , and other freely available sources on the Internet. Six different valence combinations of distractor images were used resulting in the following experimental conditions: neutral-neutral, neutral-pleasant, neutral-unpleasant, pleasantpleasant, unpleasant-unpleasant and pleasant-unpleasant. For the presentation of visual stimuli and recording of participants' responses, Presentation software (Neurobehavioral Systems, Albany, CA) was used. To reduce potential confounds linked to low-level properties, the relatively large picture set (192 stimuli in each emotional category) was used with eight different trial order sequences, each of which with random pairings of pictures.
Before the start of main runs, a short practice run (24 trials) was performed during which a separate set of neutral pictures was used as distractors. During the practice run, participants received feedback after erroneous or slow responses. After the practice, participants performed a total of four main experimental runs. Each main run had 12 trials per condition (72 trials in total) presented in random order and with no more than two trials of the same condition appeared in sequence. In each condition, the target letter (X or N) was presented in equal proportion and was presented once in each of the six letter positions. In conditions with distractors of distinct valence (e.g., pleasant-unpleasant), left and right positions of the distractor images were counterbalanced. In conditions with distractors of same valence (e.g., pleasant-pleasant), different distractor images were presented. Thus, across the entire experiment, we employed 48 trials per condition (288 trials in total) that were fully balanced in terms of target letter type and position. No feedback was provided during the main experimental runs. To maximize the behavioral interference effect, over the entire experiment, each distractor image was only presented once (Codispoti et al., 2016) .
Data Analysis
As interference effects of the type investigated here have been observed in terms of reaction time (RT) data (Erthal et al., 2005; Gupta et al., 2016) , we focused on RT data but report analyses of accuracy results for completeness. For the RT analysis, error trials and trials with an RT exceeding 3 SD from the condition specific mean (1.26% of the trials) were excluded per participant. For each participant, mean RT and accuracy rate data were determined as a function of distractor valence (six levels), and repeated-measures one-way analysis of variance (ANOVAs) were conducted using distractor valence as a within-subject factor. We used an alpha level of 0.05 for all statistical tests. Finally, the GreenhouseGeisser correction was used to handle deviations from sphericity (Greenhouse & Geisser, 1959) .
Results
A repeated-measures one-way ANOVA of the RT data ( Figure  2A ) revealed a significant main effect of distractor valence, F(3.68,198 .87) ϭ 11.481, p Ͻ .0001, p 2 ϭ .175. To further characterize the main effect, we performed separate pairwise comparisons using 10 paired t tests by controlling for multiple comparisons with the Holm-Bonferroni method (Holm, 1979) . These follow-up pairwise comparisons showed that: (a) pleasant-neutral and unpleasant-neutral distractor stimuli elicited greater interference compared with that of the neutral-neutral stimuli (pleasantneutral vs. neutral-neutral: t (54) This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
.59, Cohen's d ϭ .07). These results show that the extent to which pleasant or unpleasant stimuli interfered with performance was comparable: neutral-unpleasant RT was 568.8 ms and neutralpleasant RT was 567.4 ms; unpleasant-unpleasant RT was 577.8 ms and pleasant-pleasant RT was 579.8 ms.
Pairwise comparisons used to evaluate competing hypotheses showed that interference induced by compound positive-plus-negative stimuli was greater than the interference induced by stimuli containing one emotional stimulus (pleasant-unpleasant vs. unpleasant-neutral: t(54) We also evaluated accuracy data ( Figure 2B ) according to a repeated-measures one-way ANOVA, but did not detect a main effect of distractor valence, F(4.14,223.47) The accuracy data did not reveal robust effects of distractor valence and was above 90% across all six experimental conditions. Error bars denote the standard within-subject error term (Cousineau, 2005) . (C) Distributions of within-subject difference scores in pairwise comparisons. The box plots within the violins indicate the interquartile range (first quartile to third quartile), red lines show mean values, and black dots inside white circles show median values. NN ϭ neutral-neutral; NP ϭ neutral-pleasant; NU ϭ neutral-unpleasant; PP ϭ pleasant-pleasant; UU ϭ unpleasant-unpleasant; PU ϭ pleasant-unpleasant. See the online article for the color version of this figure. This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. p 2 ϭ .022. As expected, given the low task demands, mean accuracy rate was Ͼ90% in all six conditions.
Discussion
We investigated the influence of simultaneous high-arousal pleasant and unpleasant task-irrelevant stimuli on behavioral performance during a visual search task. The interference effect of a positive-plus-negative distractor stimulus was greater than that of a neutral-plus-emotional stimulus and similar to that of twopleasant or two-unpleasant stimuli. These findings were observed during a low-load attentional task, which was employed so that distractor processing would occur; under high-load conditions, distractor processing is greatly reduced (Erthal et al., 2005; OkonSinger et al., 2007) and would not have allowed us to test the competing hypotheses investigated here.
In line with recent findings (Gupta et al., 2016) , during a low-difficulty perceptual task, we observed a robust interference effect in the presence of negative-neutral and positive-neutral distractors compared to a baseline neutral-neutral condition. In addition, two high-arousal distractor stimuli of same valence elicited greater interference compared to one high-arousal stimulus, showing that increases in distractor intensity produce enhanced behavioral interference. This finding extends the results of previous studies that suggested a modulation of the behavioral interference as a function of stimulus significance (Buodo, Sarlo, & Palomba, 2002; Schimmack & Derryberry, 2005) .
More importantly, we investigated how simultaneous pleasantplus-unpleasant task-irrelevant stimuli impact behavior. Our results revealed that the interference effect was driven by stimulus intensity independently of valence. Specifically, the overall intensity reflected the sum of the individual intensities of the distractor stimuli (i.e., |Pos| ϩ |Neg|). In a recent value-based decision-making study involving benefits and costs (Kahnt & Tobler, 2013) , the authors reported that a similar type of salience process (which they called "elemental salience") influenced choice-based decisions.
Models of emotion-attention interactions developed separately for negative (Pourtois et al., 2013) and positive (Sennwald et al., 2016) stimuli converge in suggesting similar brain mechanisms during emotion-attention interactions. These models propose that the amygdala is a critical region exerting modulation of visual processing based on stimulus intensity. Our findings of additive interference effects in the presence of oppositely valenced stimuli are consistent with these models, and indicate that intensity also drives distraction in contexts where pleasant and unpleasant information occur simultaneously.
Although we did not find evidence for antagonistic interactions between positive and negative stimuli, such interactions have also been reported. For example, Schimmack and Colcombe (2007) showed paired affective pictures in a side-by-side presentation format, similar to the one used here, and evaluated "pleasure" and "displeasure" ratings. They observed a reduction of pleasure ratings of pleasant pictures when they simultaneously appeared with an unpleasant picture, and a reduction of displeasure ratings of unpleasant pictures when they simultaneously appeared with a pleasant picture. However, contrary to the present study, emotional stimuli were task-relevant in their study, whereas they were taskirrelevant in the current study. In another study, after freely watching film clips containing pleasant and unpleasant information, participants reported the subjective experience of emotional conflict, suggesting a role for valence-related processes (Rohr et al., 2016) . Interestingly, some researchers have proposed that arousal plays a major role when emotional stimuli are task irrelevant, whereas valence is more influential when they are task relevant (Okon-Singer, Lichtenstein-Vidne, & Cohen, 2013 ). Yet, this is not always the case. For instance, a recent study investigated attentional capture to simultaneously presented task-irrelevant pleasant and unpleasant visual stimuli (Fernández-Martín & Calvo, 2016) ; pleasant stimuli attracted more attention compared to unpleasant stimuli, indicating that at times valence plays a role during competition even when task-irrelevant.
To conclude, previous investigations have focused on understanding the influence of pleasant and unpleasant distractor stimuli separately. The present study extends prior studies in a novel direction by investigating how pleasant and unpleasant task-irrelevant stimuli jointly impact behavior during a visual-letter search task.
